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Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. and dustpan dredges. Each type of dredge is well suited for different site conditions 1 (both dredge cut and placement site), sediment characteristics, quantities of sediment to 2 be dredged, production rates, and distance that the material must be transported to a 3 placement site (USACE 1983 Once a cutterhead pipeline dredge has been mobilized and set up at a dredge cut it is 33 capable of nearly continuous dredging with few interruptions except for routine 34 maintenance for the equipment, movement of the discharge pipeline to minimize delays 35 to navigation, and relocation of the pipeline within one or to another placement site. This 36 results in relatively high production rates. Cutterhead pipeline dredges generate a 37 considerable quantity of water that must be managed at the placement site to meet water 38 quality standards. 39
REPORT DATE
Mechanical bucket dredges are well suited when the dredge material must be 40 transported distances greater than 12,000 feet. Once the material has been dredged and 41 loaded onto a barge it can be transported long distances without requiring re-handling.
42
Another situation where mechanical bucket dredges are well suited is for small quantities 43 of material to be dredged from one location, because they are relatively quick and 44
inexpensive, compared to cutterhead pipeline dredges, to mobilize and demobilize. 45
Another consideration for dredging equipment is the distance from the river channel to 46 3 the placement site. Either an excavator or a dozer would be used to transfer the dredged 1 material from the barge to the placement site as long as the site is adjacent to the river 2 channel. If the placement site is not immediately adjacent to the channel, material 3 dredged by a mechanical bucket dredge would need to be transferred from the barge to a 4 truck for transport overland to the placement site. This would add expense, negative 5 environmental impacts, and reduce production rates over a cutterhead pipeline dredge. A 6 cutterhead pipeline dredge could extend the discharge pipeline over land to the placement 7 site as long as the total transport distance doesn't exceed the maximum distance for that 8 dredge. 9
Each type of dredge has distinct advantages and disadvantages that contribute to 10 the decision-making process (USACE 1983 Bankline placement could be done using either a cutterhead pipeline or mechanical 8 bucket dredge. The dredged material is placed on the river shore or bankline for habitat 9 restoration, beach replenishment or nourishment, or erosion protection. A bankline 10 placement site for habitat restoration could be to stabilize tree root systems that have been 11 exposed due to erosion, increase the land surface elevation in areas to provide safe 12 havens for wildlife to use during flood events, and create or enhance islands. The Great Lakes Commission, responding to the findings of the Great Lakes 37
Beneficial Use Task Force, has identified the beneficial use of dredged material as a 38 "priority management option" and has adopted a resolution for increasing federal 39 funding, research, and USACE authority for beneficial use (Pebbles 2002 Belgium, and the Netherlands, developed New!Delta, a project to promote the 33 sustainable development of ports and port related activities. One of New!Delta's 34 strategies is sustainable dredging defined as "a strategy in which management of 35 dredging operations is a part of an integrated estuary management that strikes a balance 36 between environmental, economic, social and technical aspects while respecting the legal 37 requirements" (NEW!Delta 2007). The focus of their sustainable dredging strategy is on 38 the potential changes to the physical and sedimentary processes, ecology and habitats, 39
and the existing and future use of the estuary. The primary effects of dredging and 40 dredged material disposal, as outlined in their report, include changes to the 41 hydromorphology, loss of habitat, sedimentation, suspended sediment and turbidity, 42 dispersion of contaminated sediment, reduction in oxygen levels, and disturbances such 43 as noise, light, and movement (New!Delta 2007). Again, there is no consideration for the 44 air emissions from the dredging equipment included in their sustainable dredging 45 strategy. 46 7 A rating system similar to that used with Leadership in Energy and Environmental 1 Design (LEED) could be utilized to promote sustainable port development and operation 2 (Abood 2007 ). The LEED system includes the following six categories: "1.) sustainable 3 sites, 2.) water efficiency, 3.) energy and atmosphere, 4.) materials and resources, 5.) 4 indoor environmental quality, and 6.) innovation and design process". A total of 69 5 points can be awarded within these categories. According to Abood LEED Categories 4, 6
Materials and Resources, and 6, Innovation, would be the primary sources for dredging 7 and dredged material placement to achieve points (Abood 2007 ). These points could be 8 received for beneficial use of dredged material, enhancement of aquatic life, and 9 minimizing the loss of habitat. In addition, LEED Categories 2, Water Efficiency, and 5, 10
Indoor Environmental Quality could achieve points for dredged material treatment and 11 reductions in dredging equipment air emissions (Abood 2007 Emissions to the atmosphere from dredging operations include the volatization of 31 chemicals from contaminated dredged material within both the placement site and re-32 suspended in the water column and emissions from marine engines used to power 33 dredging equipment. The rate at which specific chemicals volatize from dredged material 34 has been studied using various models. Volatization rates for hydrophobic organic 35 compounds from four different locations were modeled to tentatively rank the magnitude 36 of emission rates. The four locations were the dredging location or cut, the exposed 37 placement site location, the ponded placement site location, and the placement site 38 location with vegetated cover (Valsaraj 1995) . The results indicated that the greatest 39 emissions resulted from the exposed placement site followed by the dredge cut location 40 with high levels of suspended solids (Valsaraj 1995) . Air quality impacts from odorous 41 or toxic compounds in dredged material and effects on inhabitants near dredging 42 operations can be costly to control (Zimmer 2004 ). Multiple models were tested with 43 differing operational and remediation alternatives. The results were evaluated against 44 acute air quality standards and odor threshold (Zimmer 2004 (Gore 2002) . Actions taken to comply with these standards 6 include using shore power instead of marine power when tied up to pier, voluntarily 7 reducing speed when in port to below normal, and potentially limiting industrial 8 equipment operations to a specified number of hours each day (Gore 2002 ). These 9 standards address air emissions but do not examine the dredging equipment selection 10 process as a source for reducing emissions to the atmosphere. 11
The significance of United States port air quality concerns are increasing. In 12 response, the USEPA generated the transportation and general conformity rules (Rhoads 13 2004). These rules require project sponsors to include air quality analysis in their 14 planning process. An approach has been developed based on emission reduction plans 15 that allow projects to maintain general conformity status. Cost estimates are developed 16 that include the type and size of equipment to be used, production rates, hours of 17 operation, and labor requirements that meet existing standards without supplementary air 18 emission control considerations (Rhoads 2004 ). This approach utilizes a similar 19 approach to that done in this study for quantifying air emissions from diesel equipment 20 but does not use the results for selection of equipment. Nor does it focus on navigation 21 maintenance dredging but considers all equipment required for unspecified projects. 22 23 SUMMARY 24
Considerable effort has been put forth to identify and reduce environmental 25 impacts from dredging operations. Reductions in adverse impacts have been achieved 26 through the identification and implementation of beneficial uses for dredged material, 27 development of environmental dredging techniques, minimization of the volatization of 28 compounds from contaminated dredged material, and striving toward compliance with air 29 quality standards. The reuse of dredged material for construction materials, aquaculture, 30 topsoil, beach nourishment, berm creation, capping, land creation, land improvement, fill, 31 shore erosion protection, habitat enhancement, and wetland restoration has minimized the 32 need for long-term placement sites and the resulting impacts to both aquatic and 33 terrestrial environments. Removal of contaminated sediments minimizes the risk of 34 contaminants migrating into the water column or biota. Identifying solutions that 35 minimize volatization of contaminates from dredged material either from a placement site 36 or when re-suspended in the water column help to reduce environmental impacts. In 37 addition, the adaptation of air quality standards for marine engines reduces adverse 38 impacts to the environment. All of these efforts significantly improve the sustainability 39 of dredging operations and reduce environmental impacts. One potential area for 40 reducing adverse environmental impacts that is conspicuously missing from this list is the 41 quantification and selection of comparable dredging equipment based on the air 42 emissions. By identifying the type of dredging equipment with the lowest air emissions, 43 when cost, site conditions, and equipment availability are comparable, environmental 44 impacts can be minimized without compromising the dredging project. 45 46
